The incidence of pulmonary fi brosis increases with age. Studies from our group have implicated circulating progenitor cells, termed fi brocytes, in lung fi brosis. In this study, we investigate whether the preceding determinants of infl ammation and fi brosis were augmented with aging. We compared responses to intratracheal bleomycin in senescence-accelerated prone mice (SAMP), with responses in age-matched control senescence-accelerated resistant mice (SAMR). SAMP mice demonstrated an exaggerated infl ammatory response as evidenced by lung histology. Bleomycin-induced fi brosis was signifi cantly higher in SAMP mice compared with SAMR controls. Consistent with fi brotic changes in the lung, SAMP mice expressed higher levels of transforming growth factor-b 1 in the lung. Furthermore, SAMP mice showed higher numbers of fi brocytes and higher levels of stromal cell -derived factor-1 in the peripheral blood. This study provides the novel observation that apart from increases in infl ammatory and fi brotic factors in response to injury, the increased mobilization of fi brocytes may be involved in age-related susceptibility to lung fi brosis.
A GING is characterized as a progressive decline in tissue and organ function, accompanied by increased free radical damage ( 1 ), mitochondrial dysfunction ( 2 ), endocrine imbalance ( 3 ) , and genome instability ( 4 ) . Aging is also associated with a decline in immunity described as immunosenescence, a well-recognized phenomenon in humans and animals ( 5 ) . Especially relevant to the fi brotic response, normal aging is associated with a shift in T lymphocytes from a predominantly T-helper (T H ) 1 phenotype to a predominantly T H 2 phenotype by increasing the production of interleukin (IL)-4, IL-5, IL-10, and IL-13, which are responsible for strong profi brotic response and transforming growth factor (TGF)-b 1 production.
Several recent studies have documented differences in bone marrow -derived stem cell (BMDMSC) performance between young and old animals. Administration of endothelial progenitor cells from young, but not from old, mice restored pathways critical for cardiac angiogenesis in senescent mice without prior bone marrow (BM) suppression ( 6 ) . Rauscher and associates ( 7 ) demonstrated that chronic treatment with BM-derived progenitor cells from young nonatherosclerotic ApoE -/-mice prevented the progression of atherosclerosis in aged ApoE -/-mice despite persistent hypercholesterolemia . In a remarkable study, Conboy and coworkers ( 8 ) demonstrated that heterochronic parabiotic mice (two mice, one old and one young, surgically joined with shared circulatory systems) restored age-related loss of stem cell capacity in muscle, blood, and liver in the older member of the pair.
The senescence-accelerated mouse (SAM) is a commonly used model for studying physiological and pathological responses during aging. The SAM strain is derived from the AKR/J strain of mice by continuous brother -sister mating selected for a phenotype toward either accelerated senescence or resistance senescence. There are nine major senescenceaccelerated prone mouse (SAMP, P) strains and three major senescence-accelerated resistant mouse (SAMR, R) strains ( 9 ) . The P8 strain of SAMP (SAMP8) shows spontaneous learning and memory defects at 2 months of age, which deteriorate with aging ( 10 ) . SAMP8 mice are also prone to amyloid deposition, cataracts, osteoporosis, degenerative joint disease, decreased immune responses, increased lordokyphosis, and various other hallmarks of aging ( 11 ) .
Although both the incidence and the severity of acute lung injury and fi brotic lung disease increase with age, there is relatively little known about the mechanisms by which aging increases susceptibility to these lung diseases. Research from our lab and others has shown that BMDMSCs play a critical role in lung injury and fi brosis. We hypothesize that aging affects the response of BMDMSCs to lung injury. In addition to addressing a fundamental biologic mechanism, the study provides a rationale for interventions that can be tested in animal models and could eventually be applicable to humans. 
M ethods

Animal Maintenance
Six-and 12-month-old female SAMP8 and SAMR1 mice were purchased from Harla n (Indianapolis, IN) and bred in the Department of Animal Resources, Emory University. All animal experiments were performed in accordance with the Emory University Institutional Animal Care and Use Committee.
Bleomycin Administration
Mice were anesthetized by isofl uorane inhalation and the trachea was exposed using sterile technique. About 3.6 U/ kg bleomycin (Sigma-Aldrich, St Louis, MO) in 75 m L of phosphate-buffered saline (PBS) or PBS vehicle was injected into the tracheal lumen. After inoculation, the incision was closed and the animals were allowed to recover. Seven and 14 days after bleomycin injection, the mice were killed by isofl uorane inhalation and lungs harvested and infl ated to a constant pressure of 20 cc of water.
Enzyme-Linked Immunosorbent Assay for Serum Stromal Cell -Derived Factor-1
Peripheral blood was collected from the retro orbital sinus, and serum was collected after clotting. A quantitative immunoassay was used for serum stromal cell -derived factor-1 (SDF-1) measurement, according to the manufacturer ' s protocol (R&D Systems, Minneapolis, MN).
Western Blot for Detecting TGF-b 1, and Collagens I and IV
Lung samples (20 m g protein per lane) were run on 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels (Invitrogen, Carlsbad, CA) for 1 hour at 150 V and then transferred to nitrocellulose membranes. The blots were blocked in " blot buffer " (2% nonfat dry milk, 0.1% Tween 20, 50 mM NaCl, 10 mM Hepes, pH 7.4) for at least 30 minutes. Blots were then incubated with a rabbit anti-TGF-b , collagen IV (Santa Cruz Biotechnology, Santa Cruz, CA), collagen I (Millipore, Billerica, MA) or a mouse anti-b -actin antibody (Sigma). The blots were then washed three times with 10 mL of blot buffer and incubated for 1 hour at room temperature with a horseradish peroxidase -conjugated anti-rabbit or anti-mouse secondary antibody (Amersham Biosciences, Pittsburgh, PA) in blot buffer. Finally, the blots were washed three more times with 10 mL of blot buffer and visualized via enzyme-linked chemiluminescence using the SuperSignal West Pico kit (Pierce Biotechnology, Rockford, IL).
Fluorescence-Activated Cell Sorting
Five hundred microliters of whole blood was collected from a single mouse with heparinized microtubes. Red blood cells were lysed using ammonium chloride potassium lysis buffer. Cells were pelleted and resuspended with fl uorescence-activated cell sorting (FACS) buffer (3% bovine serum albumin and 0.1% sodium azide in PBS) to a concentration of 5 × 10 6 cells/mL. Cells were surface stained with fl uorescein isothiocyanate -conjugated anti-mouse-CD45 (BD Biosciences, Mountain View, CA) and phycoerythrinanti-mouse CXCR4 (BD Biosciences). Cells were permeabilized with Cytofi x/Cytoperm (BD Biosciences) and stained with a rabbit anti-collagen I antibody, followed by allophycocyanin -conjugated goat anti-rabbit IgG. Isotype antibody controls were performed for all of the antibodies used and were added either before or after cell permeabilization, depending on whether the antigen was intracellular or extracellular. Both labeled and unlabeled samples were then analyzed on a FACSCalibur (Becton Dickinson, Mountain View, CA). Flow cytometry data were analyzed using the FlowJo 7.2.5 software (Tree Star Inc, San Carlos, CA).
Hydroxyproline Assay
Hydroxyproline content in whole mouse lungs was used to quantify lung collagen content and was measured colorimetrically by the method described previously, with modifi cations ( 12 ) . At the time of killing, all lobes of the lung were removed and the extrapulmonary airways and blood vessels excised and discarded. The lung parenchyma was homogenized in 1.0 mL of PBS, after which 1.0 mL of 12N HCl was added, and the samples were hydrolyzed at 110°C for 24 hours. Five microliters of each sample was mixed with 5 m L of citrate -acetate buffer (5% citric acid, 1.2% glacial acetic acid, 7.25% sodium acetate, and 3.4% sodium hydroxide). One hundred microliters of chloramine-T solution (1.4% chloramine-T, 10% n -propanol, and 80% citrate -acetate buffer) was added, and the mixture was incubated for 20 minutes at room temperature. Ehrlich ' s solution was added and the samples were incubated at 65°C for 18 minutes. Absorbance was measured at 550 nm. A standard curve was generated for each experiment using a hydroxyproline standard. Results were expressed as micrograms of hydroxyproline per lung.
Migration Assay
Fresh BM cells were isolated by fl ushing PBS through the end of both femurs and washing once with Dulbecco's modifi ed eagle medium (DMEM) containing penicillinstreptomycin. Cells were plated at 10 6 cells per 100-mm cell culture dish in DMEM containing 20% fetal calf serum, nonessential amino acids, pyruvate, the antibiotic penicillin at 200 IU/mL, and streptomycin at 250 m m/mL, and cultured at 5% CO 2 atmosphere. After 48 hours, nonadherent cells were removed and fresh media was added to the culture. At day 7, cells were harvested by treating the culture with 0.25% trypsin for 5 minutes, followed by gentle scraping to remove cells. BMDMSCs were purifi ed by passing a MACS system column twice (Miltenyi Biotec , Auburn, CA) to eliminate CD45+ and CD11b+ cells. The resulting BMDMSCs were more than 99% CD45 − . Migration of BMDMSCs was determined by incubation in transwells (Corning, Corning, NY). Cells were resuspended in modifi ed Dulbecco ' s medium, and 1 × 10 5 cells were loaded into the 8-m m upper chamber of transwell inserts. Recombinant SDF-1 a at 200 ng/mL (R&D Systems) was added to the lower chamber. Transmigrated cells were collected by centrifugation, following a 2-hour incubation at 37°C. Cells in the lower well were quantifi ed using a hemocytometer.
BMDMSC Differentiation
For chondrogenesis studies, 250,000 cells were placed in a 15-mL polypropylene tube (Becton Dickinson) and centrifuged for 10 minutes. The pellet was cultured in chondrogenesis medium (high-glucose Dulbecco ' s modifi ed Eagle ' s medium [Invitrogen]) supplemented with 10 ng/mL TGFb 3 (R&D Systems), 10 -7 M dexamethasone (Sigma), 50 m g/ mL ascorbate-2-phosphate, 40 m g/mL proline, 100 m g/mL pyruvate, and 50 mg/mL ITS+ Premix (Becton Dickinson). The pellets were embedded in paraffi n, cut into 5-m m sections, and stained with alcian blue and visualized by microscopy. For adipogenesis experiments, 10 4 cells were plated in 60-cm 2 dishes and cultured in complete medium for 3 days. The medium was then switched to adipogenic medium, which consisted of complete medium supplemented with 10 7 M dexamethasone, 0.5 mM isobutyl-1-methyl xanthine (Sigma-Aldrich), and 50 m M indomethacin (Wako, Tokyo, Japan) for an additional 21 days. The adipogenic cultures were fi xed in 4% paraformaldehyde and stained with fresh oil red O solution, and oil red O -positive colonies were counted. Colonies that were less than 2 mm in diameter or were stained only faintly were not included in the analyses.
Histology and Immunohistochemistry
For each experimental time point in the study, there were fi ve mice per group. After infl ation to a pressure of 20 cc of water and fi xation with 4% paraformaldehyde for 24 hours, lung tissues were paraffi n embedded, sectioned, and stained with hematoxylin and eosin (H&E) for routine histological examination. Masson ' s trichrome staining was used to delineate collagen content.
Statistical Methods
For comparisons between groups, paired or unpaired t tests, and one-way and two-way analysis of variance tests were used ( p values <.05 were considered signifi cant). GraphPad Prism and GraphPad InStat were used to calculate the statistics.
R esults
SAMP8 Mice Were More Susceptible to BleomycinInduced Lung Fibrosis as Compared With SAMR1 Mice
To determine the effects of aging on bleomycin-induced lung injury, 12-month-old SAMP8 and SAMR1 mice were treated with a single intratracheal instillation of 3.6 U/kg bleomycin or PBS. Fourteen days after bleomycin administration, lung samples were harvested. H&E-stained lung sections from the pro-senescence SAMP8 mice showed loss of normal pulmonary architecture, with massive infl ammatory cell infi ltration and interstitial fi brosis. In contrast, lungs from the senescence-resistant SAMR1 mice collected at the same time after bleomycin administration showed mild infl ammation and fi brosis ( Figure 1A ). Lungs from SAMP8 and SAMR1 mice treated with saline solution had normal architecture. To determine the extent of lung fi brosis, sections were stained with Masson ' s trichrome, which reveals an extensive collagen deposition in the extracellular space. Collagen content in lungs from both groups of mice was quantifi ed by measuring hydroxyproline content ( Figure 1B ) . Biochemical measurements of lung collagen content were consistent with the histological sections, showing signifi cant increase in hydroxyproline in bleomycin-treated SAMP8 compared with the SAMR1 mice.
To corroborate the increase in collagen content in the lungs of SAMP8 by histology and hydroxyproline content, collagen I and collagen IV content was determined by western blot ( Figure 2 ) . We observed an increase in the amount of collagen I in both groups after bleomycin, but the increase was more prominent in SAMP8 group. When the content of collagen IV was determined, it was only detected in the lungs obtained from SAMP8 mice treated with bleomycin.
TGF-b 1 Expression Increases in the Lungs of SAMP8 Mice After Bleomycin Instillation
TGF-b 1 is a critical mediator of bleomycin-induced pulmonary fi brosis ( 13 ) . A high-dose adenoviral transfer of TGF-b 1 causes a progressive fi brotic response in the lung in vivo and an idiopathic pulmonary fi brosis (IPF)-like disease with fi broblastic foci in an explant culture system ( 14 ) . To determine whether TGF-b 1 is involved in lung fi brosis of senescent mice, lung TGF-b 1 levels in bleomycin-treated SAMP8 and SAMR1 were determined by western blot. Results showed that at basal state, SAMP8 mice have higher active TGF-b 1 levels than SAMR1 mice ( Figure 3A ) . Furthermore, bleomycin treatment increased active TGF-b 1 levels in both SAMP8 and SAMR1 mice, although higher increase was observed in SAMP8 mice. Figure 3B summarizes quantitative data from the blots of inactive and active TGF-b 1.
Increased Fibrocytes in SAMP8 Mice After Bleomycin Treatment
One of proposed sources of fi broblast in pulmonary fi brosis is the recruitment of BM-derived fi broblast progenitor cells, also called fi brocytes ( 15 ) . To determine whether fi brocytes play a role in lung fi brosis of senescent mice, 12-monthold SAMP8 and SAMR1 mice were treated intratracheally with bleomycin. Seven days after the bleomycin instillation, peripheral blood samples were collected and assayed for CXCR4 + CD45 + Col l + , which are the hallmark markers for fi brocytes. As shown in Figure 4 , seven days after intratracheal instillation of bleomycin, the percentage of fi brocytes circulating in the blood of SAMP8 mice was signifi cantly higher compared with that in SAMR1 mice (2.3% vs 0.1%, p < .01). We did not detect fi brocytes in circulation on the PBS-treated mice.
Altered SDF-1 Levels and SDF-1-Mediated BMDMSC Migration in SAMP8 Mice
SDF-1 has been shown to play a role in bleomycininduced lung fi brosis, possibly by attracting different types of BM-derived cells, including fi brocytes and BMDMSCs, to the site of lung injury ( 16 ) . To determine if there was an altered SDF-1 response in SAMP8 mice, female 6-and 12-month-old SAMP8 mice were treated with one dose of either bleomycin or PBS vehicle intratracheally, and serum samples were harvested at days 7 and 14. Figure 5A summarizes serum concentrations of SDF-1 in SAMP8 mice, determined by enzyme-linked immunosorbent assay over the course of the bleomycin response. On day 7, serum SDF-1 levels in the 6-month-old SAMP8 mice were signifi cantly lower Figure 1 . Twelve-month-old SAMP8 and SAMR1 mice were administered with 3.6 U/kg of bleomycin intratracheally. Fourteen days after bleomycin or phosphate-buffered saline treatment, lung samples were harvested and fi xed with 4% paraformaldehyde. ( A ) Tissue sections were stained with hematoxylin and eosin and Masson ' s trichrome. Pictures were taken under 100× and 400× magnifi cation. ( B ) To quantify the collagen content of lung tissue, the content of hydroxyproline was determined. We observed a signifi cantly higher ( p < .001) collagen content in the 12-month SAMP8 mice treated with bleomycin than in SAMR1 mice after bleomycin. Note: SAMP = senescence-accelerated prone mice; SAMR = senescence-accelerated resistant mice. n = 17 -22. Figure 2 . We confi rmed the increase in collagen content in the lungs of the mice treated with bleomycin by western blot. Lung lysates (20 m g protein per lane from 6-month-old SAMP8 and SAMR1 mice) were run by using 7% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to nitrocellulose membranes, and collagens I and IV was determined by using specifi c antibodies. There is an important increase in the levels of collagen I in both groups treated with bleomycin but higher in the SAMP8 group. When the content of collagen IV was determined, we detected increase in the SAMP8 group. Note: SAMP = senescence-accelerated prone mice; SAMR = senescenceaccelerated resistant mice. compared with those in the 12-month-old SAMP8 mice. A similar reduction in SDF-1 was observed at day 14 after bleomycin treatment. To explore the roles of SDF-1/CXCR4 axis in recruitment of BMDMSCs to injured lungs, we performed an in vitro migration assay using purifi ed BMDMSCs, from SAMP8 and SAMR1 mice; the data are summarized in Figure 5B . SDF-1 induced strong chemotactic migration of BMDMSCs in SAMR1 mice (an approximate 12-fold increase over control, p < .01), whereas migration was signifi cantly minor in SAMP8 mice (an approximate threefold increase over control, p < .01).
Differentiation of SAMP8 and SAMR1 BMDMSCs Into Different Cell Types
To determine if there was a difference in the potential of the SAMP8 and SAMR1 BMDMSCs to differentiate into different cell types, BMDMSCs from 12-month-old SAMP8 and SAMR1 mice were isolated and cultured for 7 days ( Figure 6 ). BMDMSCs were then placed in pellet culture and treated with adipogenic or chondrogenic media for 2 weeks. Adipocytes and chondrocytes were examined by oil red O staining and alcian blue staining, respectively. The results showed that BMDMSCs from SAMP8 mice are more prone to differentiate into adipocytes than those from SAMR1 mice (10.9% vs 5.4%). BMDMSCs from SAMP8 mice show a decrease in their ability to differentiate into chondrocytes compared with BMDMSCs from SAMR1 controls (1.6% vs 7.5%).
D iscussion
IPF is considered a disease of older people. Incidence increases with age, and in most cases, the age of onset is 60 -70 years ( 17 ) . In fact, a clinical picture consistent with this diagnosis is considered suspect if the patient is younger than 50 years. In patients with asbestos exposure, development of asbestos-related lung fi brosis increases with age even when controlled for amount of exposure ( 18 ) . Animal studies document increased susceptibility of the aged lung to fi brotic stimuli. For example, relaxin-defi cient mice develop an age-related form of pulmonary fi brosis ( 19 ) , and lung fibrosis induced by cigarette smoke exposure is greater in old mice (8 -10 months) than young mice (2 months ( 20 )).
In this study, we used SAMP and SAMR to investigate the effects of aging on bleomycin-induced lung fi brosis. We found that SAMP8 are more prone to bleomycin-induced lung injury, as well as increased TGF-b 1 levels. SAMP8 mice have elevated SDF-1 levels that increase with age. However, when we evaluated the ability of SAMP8 BMDMSCs to respond to SDF-1, we observed a reduction in SDF-1-induced cell migration compared with SAMR1 mice. BMDMSCs from SAMP8 mice have an increased tendency to transform to adipocytes and a reduced tendency to transform to chondrocytes compared with SAMR1. These data are consistent with the hypothesis that aging mice are more prone to lung injury. This may be mediated by a defect in the type of cells recruited into the lung. A high number of fi brocytes and a lower number of BMDMSCs with a poor ability to differentiate into any other type of cell could result in an altered infl ammatory response and affect lung repair.
Chemokines are classifi ed into two groups, C-C chemokines and C-X-C chemokines. SDF-1 is a member of the C-X-C chemokine subfamily and the only known ligand for the G protein -coupled receptor, CXCR4, a coreceptor for human immunodefi ciency virus ( 21 ) . The primary structure of SDF-1 is remarkably conserved across species, with only one amino acid difference between the human and mouse proteins. Two isoforms of SDF-1, SDF-1 a and SDF-1 b , differ by only four amino acids at the C-terminus and are generated from a single gene by differential RNA splicing ( 22 ) . SDF-1 has several biologic roles. In addition to controlling cell motility, SDF-1 regulates cell proliferation, induces cell cycle progression, and acts as a survival factor for both human and murine stem cells ( 23 , 24 ) . Knockout murine embryos lacking SDF-1 or its receptor CXCR4 show multiple lethal defects, including impaired BM lymphoid and myeloid hematopoiesis ( 25 , 26 ) . These defects can be partially corrected by forced expression of SDF-1 in the fetal BM endothelium of SDF-1 knockout mice ( 27 ) . In contrast to Figure 5 . Expression of SDF-1 increases with age but the ability of BMDMSCs to respond decreases. ( A ) SAMP8 mice were intratracheally treated with 4 U/kg of bleomycin at the moment of sacrifi ce 7 and 14 days after injury, and then, samples of peripheral blood were collected. Levels of SDF-1 were measured by enzymelinked immunosorbent assay and concentrations expressed in ng/mL. There were signifi cant differences in the SDF-1 levels in serum between the 6-month and 12-month samples. ( B ) To evaluate the ability of BMDMSCs to respond to SDF-1, BMDMSCs were obtained from 12-month-old SAMP8 and SAMR1 mice. Cells were exposed for 2 hours to 200 ng/mL of SDF-1 and the number of cells that migrated was quantifi ed using a hemocytometer. Values represent mean ± standard error. Notes: BMDMSC = bone marrow -derived stem cell; SAMP = senescence-accelerated prone mice; SAMR = senescence-accelerated resistant mice; SDF = stromal cell -derived factor. n = 4. * p < .05 and ** p < .001.
other proinfl ammatory chemokines, SDF-1 is constitutively produced in many organs including the human BM ( 28 ) . Both, BMDMSCs and fi brocytes can express the SDF-1 receptor, CXCR4 ( 29 ) .
SDF-1 is a powerful reported chemoattractant for BMderived cells ( 30 ) . Cells are mobilized into peripheral blood and injured tissue in response to an SDF-1 gradient established by an increased expression of SDF-1 in injured tissue ( 31 , 32 ) . For example, SDF-1 is reported to stimulate recruitment of progenitor cells to ischemic tissue ( 33 , 34 ) . It was hypothesized that SDF-1 is regulated in limb ischemic tissues and that ischemia-associated hypoxia causes an imbalance between plasma and BM SDF-1 concentration, thereby promoting mobilization of stem cells from the BM ( 35 ) . In addition, overexpression of SDF-1 augmented stem cell homing and incorporation into ischemic tissues ( 36 ) . Irradiation or infl ammation and hepatic injury are reported to increase SDF-1 levels, as well as CXCR4 expression and SDF-1-mediated recruitment of hematopoietic progenitors to the liver ( 37 ) . In addition to its role as a stem cell chemoattractant, SDF-1 also activates matrix metalloproteinase (MMP)-9, which may contribute to mobilization and recruitment of BM cells ( 38 ) . It has been demonstrated that SDF-1 induces the expression and release of MMP-9 by purifi ed mature polyploid human megakaryocytes and an adeno-CXCR4-infected megakaryocytic cell line. Neutralizing the antibody to MMP-9, but not MMP-2, blocked SDF-1-induced migration of megakaryocytes through reconstituted basement membrane ( 38 ) .
Two strains of mice were used for the study: senescence prone (SAMP) and senescence resistant (SAMR). Accelerated senescence refers to the tendency for SAMP mice to age more rapidly and have a 26% shorter life span than the SAMR mice ( 39 ) . The fact that SAMP strains undergo accelerated senescence was concluded based on data from survival curves, Gompertzian function, growth patterns, and a specifi cally developed grading score. These parameters were also used to confi rm that these mice underwent accelerated senescence after the developmental period was complete as opposed to premature aging. The scoring system was developed by Hosokawa and associates ( 39 ) and includes such criteria as passive and reactive behavior, skin and hair quality, eye and skin lesions, and spinal lordokyphosis . SAMP mice are particularly prone to amyloid deposition, cataracts, osteoporosis, memory loss and impaired learning, degenerative joint disease, decreased immune responses, increased lordokyphosis, and various other hallmarks of aging ( 11 ) . Evidence of heightened oxidant stress in SAMP mice includes increased lipid peroxidation early in life. Currently, there are nine SAMP strains and three SAMR strains with some phenotypic differences ( 11 ) . SAMP and SAMR strains differ at multiple genetic loci from the AKR/J progenitors, probably as a result of outbreeding before the SAM strains were created ( 39 ) . The SAM model is important experimentally because these mice undergo accelerated senescence without any experimental manipulation and they display most of the common ageassociated disorders seen in aging humans ( 39 ) .
The most common manifestation of lung pathophysiology in SAM strains is senile hyperinfl ation. As evidenced by an increased mean linear intercept, SAM strains showed enlargement of airspaces with increasing age that are greater and occur earlier in SAMP strains as compared with SAMR strains ( 40 ) . The SAMP mice have a leftward shift in lung pressure -volume curves, indicating loss of elastic recoil, and an increased exponent K , an indicator of lung distensibility ( 40 ) . In other morphometric studies, SAMP strains had increased lung volume, mean linear intercept, total alveolar duct air volume, and total alveolar air volume, and decreased internal surface area per unit lung volume and total elastic fi ber length per unit lung volume ( 41 ) . In a biochemical analysis of SAM strains, it was found that the two main contributing factors to senile alterations in lung structure and function were an impaired glutathione system and increased oxidant -antioxidant imbalance with recruitment of immune cells to the lungs ( 42 ) . In studies where mice were chronically exposed to tobacco smoke, SAMP mice had increased oxygen radical generation, increased elastase-like activity, decreased glutathione, and decreased elastase inhibitory capacity, implicating increased oxidant stress as important in lung senescence ( 43 ) . Other studies confi rm that SAMP mice are more susceptible to damage from tobacco smoke than SAMR mice ( 44 ) . The fact that SAMP mice exhibit age-dependent hyperinfl ation, loss of elastic recoil, and increased susceptibility to inhaled toxins, similar to age-related changes in the lungs of humans, validates this as a model of lung senescence that is relevant to human aging ( 41 ) .
In conclusion, we demonstrated using SAMP that there is a decrease in the ability for lung repair after bleomycininduced lung injury associated with age. Our data suggest that this defect is related to an alteration of the types of cells recruited to the site of injury. In particular, there was a higher number of fi broblast progenitor cells or fi brocytes, and a decrease in the ability of mesenchymal stem cells to respond to soluble actors generated by the injured lung. These observations can be important for future cell therapies using BMDMSCs in lung injury.
